Experiments in which one of the photons impacts successively at two beam-splitters are described in terms of Quantum Mechanics (QM) and Relativistic Nonlocality (RNL). It argued that: (1) according to RNL first order interferences forbid entanglement, and on the basis of this a new experimental test of local realism is proposed; (2) the conventional superposition principle leads to superluminal signaling, and the attempt to complete QM by adding a new postulate (exclusion of entanglement through fist order interferences) actually means to acknowledge the principles of RNL.
Introduction
Relativistic Nonlocality (RNL) is an alternative nonlocal description which unifies the relativity of simultaneity and superluminal nonlocality, avoiding both superluminal signaling and energyless communication [1, 3] . Its main feature is Multisimultaneous Causality: in entanglement experiments, particle i at the time it inpacts on a beam-splitter and in te referential frame of this beam splitter, takes account of what happens to the other "entangled" particle j, and in particular, if particle j did not yet impacted, particle i behaves taking account only of local information. Multisimultaneity implies rules to calculate joint probabilities which are unknown in QM, and deviates from the time insensitivity or arrowless causality of the QM superposition principle: In RNL which rule applies to calculate probabilities depends not only on indistinguishability but also on the timing of the impacts at the beam-splitters.
In previous articles RNL has been applied to experiments with fast moving beam-splitters. As well for experiments with 2 before impacts [2] , as for such with 2 non-before impacts [1] RNL leads to predictions conflicting with QM.
The possibility of testing QM vs RNL with beam-splitters at rest through experiments in which one of the photons impacts successively at two beam-splitters, has also been suggested [4] . In this article we explore more in depth this possibility and show that RNL forbidds entanglement in presence of first order interferences, and thereby superluminal signaling too. On the contrary it is argued that in experiments with impact series the conventional application of the superposition principle leads to superluminal signaling. In order to overcome this problem supporters of QM may seek to complete the theory with the postulate that regarding entanglement first order interferences have the same effect than distinguishability conditions. But in physical terms this means actually to acknowledge the RNL principles. Further we show, that experiments with succesive impacts may furnish a new way to demostrate the nonlocal behaviour of nature. Consider the gedankenexperiment represented in Fig. 1 . Two photons emitted back-to-back can travel by alternative pairs of paths from the source S to either one of the left-hand detectors D 1 (+1) and D 1 (−1) and either one of the rigt-hand detectors D 2 (+1) and D 2 (−1). Before they are getting detected photon 1 impacts on beam-splitter BS 11 , and photon 2 impacts successively on beam-splitters BS 21 and BS 22 . The successive path segments are labelled s ikσ (σ ∈ {+, −}), and the phase parameters φ 11 , φ 21 and φ 22 . The beam-splitters are supposed to be 50-50 ones.
Suppose two classes of photon pairs (s 10+ , s 20− ) and (s 10− , s 20+ ) are prepared through downconversion in the "Bell state":
This means the probability for a photon to belong to one of the two prepared subensembles is the same, i.e.:
By displacing the mirrors M 11 and with beam-splitters at rest in the laboratory frame it is possible to achieve three different time series:
1. The impact on BS 11 occurs before the impact on BS 21 .
2. The impact on BS 22 occurs before the impact BS 11 .
3. The impact on BS 21 occurs before the impact on BS 11 , and the impact on BS 11 occurs before the impact on BS 22 .
Unless stated otherwise, we assume in the following these two indistinguishability conditions:
Condition 1: Through detection of photon 1 after BS 11 and detection of photon 2 between BS 21 and B 22 it is in principle impossible to know to which input sub-ensemble a particle pair belongs.
Condition 2:
Through detection of photon 1 after BS 11 and detection of photon 2 after BS 22 it is in principle impossible to know which path photon 2 did travel, neither before its arrival at BS 21 , nor before its arrival at BS 22 .
In the following sections we discuss the three time series considered above, first according to QM and thereafter according to RNL
The QM description
The quantum mechanical description of the experiment [5, 6] considers all three time series as being equivalent and follows from the equations:
Summing in (3) as usual the probability-amplitudes for the different alternative paths from source to detector, and squaring the moduli, yields:
where σ, ω ∈ {+, −}, and P
QM σω
denote the quantum mechanical joint probabilities for the four possible outcomes obtained through detections after BS 11 and BS 22 under the indistinguishability condition 2. From Eq. (4) follows the correlation coefficient:
4 The RNL description
The basic principles and theorems of RNL presented in [1] are now extended to experiments with impact series, where time series with beam-splitters at rest (i.e., involving only one simultaneity frame) can be considered particular cases of experiments with moving beamsplitters involving many simultaneity frames.
At time T ik at which particle i, (i ∈ {1, 2}), arrives at beam-splitter BS ik we consider in the inertial frame of this beam-splitter which beam-splitters BS jl particle j, (j ∈ {1, 2}, j = i) did already reach, i.e. we consider whether the relation (T ik < T j1 ) ik holds, or there is a BS jl such that the relation (T jl ≤ T ik < T jl+1 ) ik holds, the subscript ik after the parenthesis meaning that all times referred to are measured in the inertial frame of BS ik .
Before impact series
We begin by considering time orderings fulfilling (T ik < T j1 ) ik , for all i, k, and j. Then we say the impacts to be before ones, and label them b ik . According to Principle I of RNL we assume that the photons of a pair undergoing impacts b 11 , b 21 , and b 22 produce values taking into account only local information, i.e., photon i does not become influenced by the parameters photon j meets at the other arm of the setup. This means that detections at D 2 will exhibit interference of photon 2 with itself because it is impossible to know along which path s 21σ the photon arrives to BS 22 .
Remembering that conditional probabilities are an essential ingredient of RNL (Principle 3), we assume (as proposed in Eq.(29) of Reference [4] ) that the probability to get value (b 22 ) ω after a before impact on BS 22 (i.e. to get a detection on D 2 (ω1)) depends only on which prepared subensemble the particle belongs and not on the values the particle had produced if it were detected after leaving BS 11 , i.e. such a probability is the same for all particles entering the interferometer through a same path s 20σ . The preceding assumption is expressed through the equation:
The physical meaning of this equation is that the photon impacting on BS 22 produces outcome values taking account of the phase settings on both path segments s 21+ and s 21− . In this sense it can be said that the photon travels both paths at the same time, or that it is not localised during its travel. Nevertheless there is no necessity of superluminal influences to explain this kind of nonlocality: it is subluminal nonlocality.
Taking account of (2) and (6), and assuming 50-50 beam-splitters, one obtains the joint probabilities:
And for prepared subensembles which are not equally distributed taking account of Eq. (6) one obtains:
where the parameter γ accounts for the unequal weights in the preparation.
We would like to stress that the physical meaning of Principle I of RNL mentioned above is the impossibility of influencing the past. RNL permits superluminal influences (if they don't allow us superluminal signaling) and subluminal nonlocal influences (if they don't allow us energyless signaling), but excludes any means of abolishing the past.
First order interferences exclude entanglement
As regards the case in which the impacts of photon 1 on BS 11 occur (in the inertial frame of this beam-splitter) after the impacts of photon 2 on BS 22 , timing would not forbid photon 1 to take account of the values photon 2 produces in BS 22 , i.e. to be a non-before impact with relation to the impacts on BS 22 . Nevertheless it can be shown that the presence of first order interference impedes photon 1 to take account of the choices of photon 2 in BS 22 : 11 and the values photon 2 produces in detection after BS 22 cannot be nonlocally correlated.
Theorem 4.1 The values photon 1 produces in detections after BS

Proof:
We proceed through reductio ad absurdum. Let us assume the contrary to be true. Then for "not-maximally entangled states" (8) would imply in general:
where the notation a ik [jl] refers to an impact on BS ik which depends on the values (b jl ) ω .
According to Principle 5 of RNL, it must hold that:
This principle guarantees that observers having access only to information in side 2 of the setup cannot produce observable order in a spacelike separated side 1, but also the impossibility of energyless subluminal signaling (i.e. signaling without observable connection) between timelike separated regions.
Eq. (9) and (10) lead to:
But according to Principle 1 of RNL, in before impacts photon 1 behaves taking into account only local information, and therefore:
what contradicts (11) . Therefore the assumption is false and the theorem holds true.
Time series 1
Consider now time series 1 in section 2 in which the splitters rest in the laboratory frame and the impact on BS 11 occurs before the impact on BS 21 . Taking account of Theorem 4.1 one is led to assume that not only photon 1 on BS 11 , but also photon 2 on BS 22 produces values without being influenced by te parameters on the other side of the setup. Accordingly one is in the same situation as when all impacts are before ones, and Eq. (7) yields the correlation coefficient:
Time series 2 and 3
Time eries 2 and 3 in section 2 can be considered equivalent, for according to Theorem 4.1 in series 2 the values produced by photon 1 are correlated to the values photon 2 produces in the impacts on BS 21 but not to those it produces on BS 22 .
Remember now that according to RNL (Theorem 3.1 in [1] ) it holds that:
Then, for the experiment of Fig.1 with maximal entanglement the relations (6), (8), (14), and theorem 4.1 lead to the following prediction:
6 and similarly one gets the same result for the other three joint probabilities.
Hence RNL predicts once again:
Summary
In light of the analysis in this section one is led to accept that impact series experiments with beam-splitters at rest does not allow us to achieve that each of the two photons produces outcome values depending on the values the other photon produces in before impacts. Nevertheless, even if from the point of view of RNL the causal links involved in the three time series are different, one is led in the three cases to the same value E RN L = 0 for the correlation coefficient.
Real experiments
A real experiment can be carried out arranging the setup used in [7] in order that one of the photons impacts on a second beam-splitter before it is getting detected. For the values:
• , φ 21 = −45
the equations (5), (13) and (16) yield the predictions:
Hence, for settings according to (17) the experiment represented in Fig. 1 allow us to decide between QM and RNL through determining the experimental quantity:
where R σω are the four measured coincidence counts in the detectors.
Testing Relativistic Nolocality vs Local-realism
Consider the modified setup in If only local influences are admitted, the application of this model to classe 4 obviously imposes to calculate the joint probabilities through the sum-of-probabilities rule.
However in this case RNL uses the sum-of-probability-amplitudes rule.
The interesting question now is whether for real experiments usual local model making [8, 9] will be capable of exhibiting a unique Local-Hidden-Variable model in agreement with the experimental results for all the four classes of coincidence counts listed above. 
The conventional application of the superposition principle would lead to: 
and therefore to:
where P QM (s 11+ ) denotes the single probability to get a detection in D 1 (+1) predicted by QM.
Equation (22) implies that through changing parameter φ 22 a subject in side 2 of the setup could send messages to an spacelike separated subject in side 1.
I suppose few physicists will be ready to believe QM is capable of allowing us what MichelsonMorley observations seemed to forbid us. More likely supporters of ordinary QM will try to save it by advancing that entanglement is not compatible with first order interferences. Nevertheless such a claim does not follow at all from the formalism. The motivation to accept it at this stage cannot be other than the desire to prevent ordinary QM from admitting superluminal signaling, and consequently the so restored non-consistency of "ordinary quantum mechanics with superluminal transmission of classical information" should rather be considered a principle and not a theorem [10] . Anyway to complete ordinary QM in this way means in fact to change it in order to make it consistent with relativity of simultaneity, or in others terms, to assume that indistinguishability is not a sufficient condition of entanglement. And this is already the spirit of RNL or Multisimultaneity.
In our opinion the ongoing questioning on the "non-local character" of QM [11, 12] reveals that in fact QM is not a specific superluminal nonlocal theory. It is born to account for the subluminal nonlocality (i.e. the unobservable influences without possibility of unobservable communication) behind first order interferences in single particle experiments. To this aim the assumption that to use or not to use sum-of-probability-amplitudes depends only on indistinguishability was good enough. But this does not hold any more to account for the superluminal nonlocality implied in multiparticle experiments. To this aim one needs a theory that from the beginning formulates its principles taking account of the relativity of simultaneity. This is the spirit of RNL or Multisimultaneity too.
Conclusion
We have discussed an experiment with successive impacts and splitters at rest which makes it possible to test Quantum Mechanics vs Relativistic Nonlocality. Although the experiment requires only minor variations of standard setups, it has not yet been carried out. If the results uphold the conventional application of the superposition principle, superluminal signaling would be possible and Nature had been caught in contradiction to itself. If the results uphold Relativistic Nonlocality the unification of superluminal nonlocality and relativity into Multisimultaneity will receive strong support. Nonetheless Quantum Mechanics can still escape failure by modifying ad hoc the superposition principle and accepting to become a more specific relativistic theory. Moreover the experiment can be arranged in order to furnish a test of local realism too. In any case the experiment promises not a little information for a handful money.
